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(57)Abstract 

PROBLEM TO BE SOLVED: To form a thin film with superior 
cyrstallinity by transforming laser beam generated by a pulsed laser 
source having a specific wavelength into linear beam having a 
specific energy density gradient in cross direction, and by having a 
film material on a substrate irradiated with the beam. 
SOLUTION: After laser beam 92 is acUusted to a specific intensity 
with a variable attenuator 93, it is launched into a linear beam 
forming optical system 94. The laser beam is transformed with the 
linear beam forming optical system 94 so as to have a linear beam 
profile, and a target 95 is irradiated with the beam to be subjected 
to laser heat treatment. The substrate is placed on a movable stage 
96, so that the substrate can be moved during laser beam 
irradiation. By adjusting the laser beam energy which is generated 
by a pulsed laser source having a wavelength of 350-800 nm with 
the variable attenuator 93. the density distribution gradient in the 
cross direction of linear beam irradiation energy is ac|justed to a 3 
mJ/cm2/|im. 
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(57) [gSiti] 

3iiiJ/cm2/ ;i mW±<^x:t.;U4^-SJ*43iS;g:*-r5^ttfcr 



i I 




-Ucf&mtr, -® *5 ± icifjfiic 5 nfcaK±M*f ?*tcoa 
[M**13] ±fEISt/ct:-i>'04ig7?(&j(7)X7,;l/4^-^ 

CIB*ii6] ±iB/^;l/XU-^f^tilll±QX-<-yg^Nd:Y 
AG U-+f CDS 25SI@2ST'fe-S) C il^&lf attfTSIBsl^JS 5 

CISaRiS 7 ] ±iB''^;l'X U-+f ?tilS(±Nd : YAC U— »f 

3Sli»[^ Nd : YLFU— +f<^^2iB5PiSSfcl±S3iifPi 

Yb:YAGU-+f«DS2;SPiggfcl±^3;i5iSjS, Yb: 
t)-'tOB2;Ssi2tSfcld:S3i«iliife, Ti : Sapp 
hire U-+fOS2|s:)tS:rcl±^ 2 ;SiSj6<7)i>-rn7t>^T'SS 

U—tftf— A(D 1 y^;UXSfcDOX:^;U4^-A^0.5iiiJU4 

CaisltJS 1 2 ] ±fBlfa^g^ fca^^^BliiMKcoSi» 
*^200niB7fe?i ^ C i: i; -r II*iS 1 0 S fc (i 
1 ll2ttOU-if^5aa73i4. 

Cn*JS 1 3 ] ±gBU-1f )t®''^;l'7>B#FBlipgA>200nse 



1=^/B^2000-2SUl'.)r. 




li: *3{ 1 5 Pa*f X /I/ 4^— ® fg*^ I soon J /'cra2 IXT lOOaJ / c 
iii^W±T-S)2>ci:J&1tfSi:T2.§i55R«l OTbSI SODl,^ 

t2®« If - i»«i|ig<o ioiBJX±T- & S c i: % 1 1 S 11 
jjtii 1 j^M 1 4 0(,^-rn*^(cf2iKou— »f®i^i^lIl7^^^.^ 

C3B*IS1 6] KSA^350riraJ.X±SOOtiraWTT'&5/^;U 

lcninj/ci«2/ ^ niJX±(rjX^,;i.:¥:— S-l«53ffi-&-fr SiStfc 
t- - t filtfl5 1 T . -SISiBi** J^tc rajt-r S c i: J; 0 
Si^?iSSnfc±i2aiS±M*fil4^tgi!)lii: LTffll-^^'ta 
•3a<0 h 7 V ->*x J: 0 iS-CffiiCF ^ -tS- S ±12 H ^ 

S U— >f tr-A^, ipS77lnJlC3BiJ/cm2/^niJ-:4±£OX:t.;U 

So 

CIB#«i 83 ±fE/^;i/XU-+fyeS.t±Nd^*>K- 

2> 1- •>l±Ybi' y V—ynmrB^ 5> t/^li 7,^ U— 
IfSd^iSMi: LfcQX-f-yf-^liaf^iU'— 9■"^OiSS3ffiT' 
So 

CiS*3Sl9] ±f2/^-'l/XU'— *f7t!®t±QX-l'-y^N 
d : YAC U— tf tOS 2 HESIigT * S C t ^l^iSi: 5 iiJ^ 

[ii^lI2 0 ] ±.m/^)V7. U-+f7ti!f.t±Nd : YAGU— 
•9-*cO||3^iiiS. Nd : Tb'^XU— tf<OS2HPiSS/-cl± 
HSiSliiS. Nd : YLFU'-+f<^^2BS3K$rc:«M3iS 
Pig. Yb:YACb— 9-'0||2iSISigSfcti^3«ll^te, Y 
b:*'7XU-+f<om2;SPigS;'£ttS3HPjS< Ti :Sa 
pphlre U— *f ?£t±S 2 »Wl5t«0^-'-rtlA^T'* 

So 

[0 0 0 1 ] 
[0 00 2] 
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/^^wi^jffi!3i=i7s H • mmvimc^mr'mmi^^ji^ u >^ 

coo 0 3] ^mBiOiiigBl1£i:WBiW-^:^i?x^O^») 

[0 0 0 4] Vt^. iSS*^350nmt:^±<735(.->U— 9*^^ 

(jtMl (Appl. Phys. Lett. 39, 1981, p425-427) . 
5:SK2 (Uat. Res. Soc. Symp. Proc. , Vol.4, 1982, p 
523-p528) VLZflCMZ (Hat. Res. Soc. Symp. Proc, V 
01.358. 1995, p915-p920) ) T^^nTI/^S, cCT' 
l± igg350rmJ;^±Ogl^ U— 9'^^ i: t TNd : YAC U-+^-<?3 
112 USPS (iSS : 532nm) *^ffit)nTt,>5, 121 Ol± 

ili-p®5Nd:YAGU— +)'^2S58Sit : 532nm) 5ltS 

[0 0 0 5] 9'^5as¥SH:-pi,^TUiB^ 
TSc Nd:YAGU-+f^2«igie^M^« 1 A^?.m«Sn 

fc/^;ux 2 Tb^mTtffl i^^'X 4 1;:.}; 0 m^s nx 

IPS®Slg|iS5 itcHgftfSnSo /^^I'X U-^f 2 COBB 

•:fuyT^Mmn^ii'^:^^^X'S>^o vi-^x. 
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[000 6] CCT', £|«)l/?i:B0Sh7>'->-.X3fCOBi 
/j>S?Oi2if - dVcAKloglos) (Vc ■• •t''- l^^tCE. 'dS • l'' 

t); 1 Rt>' 2 xmi.-^^tifzmmmmmi'i-o. z-i ^ ni^* 
[0 0 0 7] ii^. i£ffi®tc^pfc5u-+f®i5as'7)fcto 

5o ^^B^mm^mmmtLx^ru—tm^^^^ii. 

HOS h ^ y i^X 5^ A'le^T' € *V \ 
[0 0 0 8] 

[0 0 0 9] ^fc, «SB^aHlSl±^3ioT|3l-®m'^<^ 

u—*fmm^WL^ 2 0 0 isiw±i:^< 3 h^^m 

mLXi^^Tntctb. .^S^n*':*:* < HQS h ^:/->*7.iS»«o 
y-h»{l:M7b'->3-l-bTLSo. l^^BiA'Tri^- 
3 >^ nSfc«>illBt h 7 V->*X:J!6>f^liT'«*l.^ t 

[0 0 10] *56B^£Ogeg.ti^ is;i4fi6(osiffiih7>s;x 

[0 0 1 1 ] sfc. s.j£l4<oii;v\ »^-mM 
7^s%a«-r?>c i:^m2£0iwi:-r5c 

[0 0 12] $c,(c, (gaT. hT'^SJlBlf'^T'tS^^t* 

■r / w X ^ M« -r 5 c i: ^ ^ 3 <o g 6*> t -r 5 , 
[0 0 13] j^ai4tcfiinfc?fK'&j^)52-r 




Co 0 14] 

\^—*fSb.^^^=iH,-X . ;t'iS/)'350nniJ:>li:800nraWTT'fe 2> 

/^;Uy!.u-+J-'3tilSlcJ;0?gi$n5U-ife-i.^. Its 

COO 1 5] *5gaflt<:(«2>Ii5ltJli2 0U-+f^!!ilS7^S 
COO I 6] J^:5ga«tc(^2.«Jit:«3 0b—tf^ia!,SV^ri 
COO 1 7] *5!afltC^5i85R«4«U— ^fWi)iaS7^?* 

[0 0 1 8] *^a^ic^i.ii*3S5C)U— *f»i^as73^ 

[0 0 1 9] 2^?gBfllce^Sif5ttiS6<7>U— 

/^^UT-V— r3ti^,>&Q7.f -y^^NdiYACU— tfwmz 

[0 0 2 0] *f|B^lc(S2>iisK«7«U-+f^5!iS73S 

d: 7!f^>?.U'— tfromaiilSJiSSfcliSSiaiSffi. Nd . Y 
LF U— 2 igUifi^ li^ 3 ilPi^. Yb: YAG U— 9"' 
(Dl|2S5tSi6Srcii|g3;gi3!S. Yb:A'^:^U— lf<^^ 
2SII3!SS/it*^3JS»liS. Ti : Sapphire V—y-'oa* 

[00 2 1] ^^S^tClf 5aS*3i80U— tf^5£iS:?^r£ 

[0 0 2 2] *^WtC|l^;5il5R3«9(^b— 'fSyiaSTi^ 
[0 0 2 3] ^^gB^lClfSil^iil 0(DU-^^Mmy5 

[0 0 2 4] 1 1 u-^Mmy^ 

[0 0 2 5] *:-^B^tc(^5iBjRJSl 2 <0 

CO 0 2 6] *:56B^lciS5iS*iil 3 ® U— *f ^^DiS;^ 



?^¥rifl20<lO-Z8fil95 




[0 0 2 7] i^mmcf^.^m^m \ a oj u-^^Mmii 

[0 0 2 8] y^mmc%^smi^\l 5 f) U-+/»!!Jlfil:^ 

[0 0 2 9] *^BfllC(^2,ill5RJS I 6(754i#f*^/W7s 
t4, i}£SA<350niiiJ.:^±800nmUTT-^>^»/N/U;^ U-+/7lf;i^. 

J; ^^^nS U— 9-*tf— Av^. iJgTilPllcSiiiJ/cinZ/fi. 
raU±t^:ix ;U4i:-S«fcJS2^ WT ^ - L> icpKfi? 

;^ if jb^ J; 0 teT' a * +> S ±f H h ^ V 7 ^0 K 
^-1'v^^^iOgin5P^[^^*|«, i:IEit«ii-A<73iig:?5-|qlS 

[0 0 3 0] 2is:%^tceS5li^JSl 7«U— f^fflS^ 

ifsi: , <l<?5/^;l/X U— j; 0 U— 

il@:^riqIlC3iiiJ/cin2/M ■J^-t'^^*-^''^-*^^ 

[00 31] *^BflicegsiBjit3ii 8 « u— rsiSOia^ 

Sl±. /<;U7.l^-»f?ti^%Nd'f:tV K-ySSl.M±Ybl' 

So 

[00 3 2] *^Bfltc^SIB*« 1 9 CO 

[0 0 3 3] *^B^tC(%Sil5jtii2 OCDl^—^^mmm 
mii. tf^iil^Nd : YACU— 9-'<0^3Siia 

ife, Nd : ^'-^T-lx— 9-*<r)^2;i5S3ifeSf^:^iS3S^la»^ 
Nd : YLFU— +f©S21i;lSiSS/'cti|g3SISJS^ Yb:YAC 
U— 9'<0^2?l5iaKSfcii^3;SPte, Yb:*'^XU- 
+f05^2iSpjfe^/ttt^3S5ilft. Ti : SapphireU-+f 

^[0 0 3 4] 3t:^B^lC(5&i.li5ltlS2 1 05 U— tf^SttS^ 
[0 0 3 5] 

[%B^©*ss©je.«] nm<j^wimi . 0 1 ii*5?BH<Du 
— *f^s;^s^:^?ift;t-5>^M<?5^iS®T-ss, Ism 

tcfel/^T9UiNd:YAGU— y-'com 21l5Pi&^ffi^^. 9214 
Nd : YAG U— 9*0^ 2 SISiS^tiSH*^ €> tB*t$ tlfc U- 
IfJt (&Stt532nm) . 9314/nU T:/;!/^ ■yT"?--^^ 9 



(4) 




fzik . t: - A hm yfe^y^^y 4{c K$i^\t o .:. k: - 1. 

is;«5^#:^.94ic ^ 0 If - A y CI 7 r 'I' 

T^Bi 1 02 (i: L T J¥ g 200nin ^ (1:^ ^Hj ^ CV D (ChemiCH 
I Vapor DeposiciorO lc<i 0 fE;iSc L-A::l:ic , S-|£±M« 
f4i:LT. l?^70nni<:O|fH^H^^Sil0l>!r:LPCVD (Low Pr 
essure Chemical Vapor Depositio!i» tCi: 0 fSfli L fc.s 
[0 0 3 6] U~+fe-Ati^fj7x-f-i/^ia*^tr--A 

7 u-+f*7tm^^^PBTOtc7x--'>*7b^^i;)-r siESi^. «^ 
.[0 0 3 7] mA\c\y'-^\£-L.^mm\^xi^¥Bwmm 

X^^o ^^mx^^'^^^^-i.y'uyr^Mc^^n 

d: YAG [y—^'com 2 mmmc ci: ^m]My5m^m^^^ 

46 J3i/f 77 1^ L T (5 i^— tum^ tl. U— ^^SS 
l*lC<fcoT^*r5^^ffiF^Og|7iI^ig]S«^tt7ti. ^« 

mc^-^^L.tz^m^t^X^^o ^oT. gi^ 75-1^*5^15 
,St^tf-AiO-M^77fn]tCfiffi5tfli7b'^^>^lv/'::i6, $£a^^ 
g/)^at^ tf-Zx<Dipg77fPl^^O 1 :^<^7cia77lP3JSSl<:* 

[0 0 3 8] 8^*^:0. x^^i/vu— tP^fflc-^T^^^lf 
m^^mcm-^ § tl^t^tc <^ ^i>(OX&^.. i^fi350nnitX± 
alSSft HgTfe S x:*^ u— »f tc cfc S S^SHS 




(..]: n^S CO 15^ T^H^-e ^ ^ »7i t<: RH L T t:'.) f& fi T ri ^ 

w^^i^iti: fBRg^ nfcsj^i^wtc s < ajw ^ n s .:. -r >5: 

asi^Tb^b, •f*T'igi£7b^lll,'^,^T[HlSgn5^'^f^7b^oTl«7-j 
?%x. T l-^ < il^ST i ^Sm-^^^ii cfc 0 /SS L fc«*Sa^tc J: 

^<^fT<^^ffi^nrisi75'f^*SB^/5RS:^)^±^So r 

^/jNggi|!ctC:fei j-^SSSB^Bi^icaMjg V V = k A T / A X 

;f;:^c-^^*SBl^^^<7^?B^7b^pTSg^^So ^^0^J^P=3.S 
S^l^rttc:|3ttsm77[SiiaJi[5ti!i^Dti-5uBSftti: 

[0 0 4 0] UT. *^0^tCcfcS*JS'^'x— ^^IfiB^-r 

mj/puise. B^Pe^/^yUXitiitieOnsec (FWHM) X^^., 
Sfc. :^^BiacST'COtr-/:.BSJ*®ati. 50^ni:':iOnini 
^fcti250^iXlO!niaT% ^1 ff^il^t-/^ U *y-r 
^>-:$?93tCcl: D U-"»f7t(7^x^wU:^^-^IS^-r^ C t 
X\ gB|fvfx^.;l/4^"-SJi[^300-1000fflJ/cin2 (MM^x^. 

m<Dm± m^±. 4mJ/cni2/;iiii (BSJ^®^ : 250 ni X lOni 
m. ,^.|^x;T.;^4^'— SSSOOmJ/ciii^T'Offi) i:30nij/cm2/ 
fim (SPJMfii : SO/xmXlOiDm. raS*x:?.;l/4^— ggjasoOm 

[0 0 4 1 ] CCT\ HSSitX:TWl/:^^-'^S[^'^^^iB^J* 
iTfx^.;l/:¥:-«S^^i*ffly^rSo CCX. B?J*x^>;l/ 



(5) 




ipgTi l^jtc M t T R .> CCDX-o ;S:«iJtc J: 0 f# »^ ^l ifc 2 

[0 0 4 2] i:^±(^cfc^^^frT\ 3fB%S^^IS^0lx- 

:^(Dmi<Om.iK.^t)Hm] /zm^/ fi m (HBJt3^S800iiiJ/cni2tC 

ipi(Dg^^M ;x!ii@S[T^-:)fc7!}\ 30mJ/cni2/ ^ a cmm 
^i^^SOOraJ/cm^tcfctt^fi) ^tOlCOl^Tti. 3/j.inS 
mtzm 'h ^ Tco C ntiraj;fx^.;U4^-S 

rJtS t± ^ n^nS ^ l O fx mT* » S o n- 5^ ^ffil 

JS[i7)ffSjTfx^.;U4^'~SJgtcSt'r ^"Kl^tt^IM 7 tc^-r.> 
I1T'^^^ ci: -5 . ?S|t?^Jt800fliJ/cni2lc:iott i>Sa4ic 
Id:- A CO f^C> >'^^-~SiS^^*^ ^BB^O^^ 

fi;bMmJ/cm2/Min CHB|^?affi800iaJ/cni2^c;j3^t^{i) co^. 
tOlCOl^Tli. PS*^?S^600mJ/cfli2 (HSJ^xtwl^^-'-S 

T\ MOS b^VS/X:$fCOn-^^:t'^;l^^lfijetil00c!n2/Vsm 
Jti:^-^{gl MiTS)ofc^\ 30niJ/cm2/ ;i m .jisjTf^gSO 
OniJ/cia2tc:Jot3'^fii) CO t><?DlcPbTti. ^»)S200cm2/ 

:g) fc i6H0S h V s;^^7^ ^ fO bIKj./I 4o C- 4^ ^ U 7 /)^nS 

S&gtt Tb'^S^ ^ n ^ ilfilHl SS^f'FS-r ^ . (5 1 00c 
In2/VscO^^«)JS/)^>^^Si:^^o e^oT. SajTfx^.;!/:^- 




[00-13] ^tD\ HiWS^LT. c:cTU£$^tcoi-^ 

i: o td^^^cD%^tf^'S> ^ C (h: i i M o 1? ^> ^ 

7* a 7 T ;l/ :^ ^ 7v tjT L ^1 ^ CO T *b ^ •:• ^PSTif^ 7' 

Set" S fol CO 7' nyT^)\^f:i^i3'^ 7s 5t 1^ T U±' , II 

^ ti pos 1 7 — — -'l^^ iSS t'%^75>^ ft S o 
[0 0 4 5] post7x-;Uti:S«SB^fSc:o^^B^^^Bico 

d:YACU--»fm2ii5iaigc08S:iK^Sc;^)M£l/^fci6. . 

t±100nraJ;^±ft^.> t^^oT. S^B^tt<OS^Bi<^i5 il A. 

T l-^ ^ V ^ U-tr cfc ^ ^SaST* ti^f^T' ^ I- \. 
x^^iz-T u— +f7fec7>S^^c?*-r ^5&lKllSC:^'5^^^i^fS 

[0 0 4 6] ^fficOJ^ftg2. ^fiScomi2T'ti. SI^Cll 
-2.cOilig7uf6]t7Dx^.;U^'-S'®5i^tf7?g4^>& h y7^'y 

Fa|Trx^wl/4^-ffijS4DfiB^li<Stc LTC^ < ^ ^JSBco 

[0 0 4 7] ^fficomi3. ^SS(Omi3Tti:, 

S^7j[p]COX:7.;l/:^-5t-tfiffJ«t± h -y^^^^^y hJB«cT 
l^-lf)tc03ii-u:/XlcSH@-r^T»^0/ci6 
tc. ^^tcJ^-:feyn7r'i';V^f#^coti:|itb<. ^ES 
i±ms(0^^ ic^'pV y;U7b^mMbfcyn 7 r ^Vi:^ 
i>o Nd:YACU-^f<30S2SPiSlc:<^5U— *f®i*aST'f# 

^ CD#14ti H! 7 ?>0^ ^ /)^^ <fc ^ 60OmJ/cra2i.X±T 
li:HB|4x:^>.;l/4^-S^fitc.t*LT. -^coJtt14i:=S:^o "Sf 
oT. S#75'(&icOx^>;l.:^-5^ffi/>>7-7*y h*gB$^<0§i 
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[0 0 4 8] nmcommA. ^ffilc'Jlf^l^4'ci;.t. nts&(rj 

m : YAi; u—tf COB 2 mmmc ^ o m^m Lxmm.^ n/t 

COO 4 9] ^M^O^SIS. ^J®<^m^5T'ti. si^tr 
[0 0 5 0] ^fi£^?^fgai6- ^SEt?Dm%6Tni. WM^ 

icj:§ iy-^m^mo:>mm^m(^±mimcm\^xmm't 

100iaJ/cni2-e5f e^M^^ ^ ^^^B^^m\:io''&(Omit^^ ^ 
OnmX'^^Ctt>^ib. I00mj/cai2, 5f S L < iiZOOinJ/c 

[0 0 5 1 ] nmcommi^ mm(^mm7Xit. m-m 
xn^tcmmmmx^t. \oo]Bi&.±(omM^^xmsii. 
K^n. wmh^yiy7^(o{'^mt>^'^'°jn^x^'orzo c 



t#R12rHM)-:>sr,u)5 




mmo:)T-^-n.. ij^s^s^o^tg— tttcggj-r^ \y-^m 

^-/>7 ^mcOTr^^Cieia LT tf-Z.y n 7 r U 7 
r.:. H 8 i:t|?4^ek:-I.7'D7 7 ;U<^)S^^f^^J^^8il^^ 

u 1 [Hi g cofs^^T?! < L . ^n^^ 2 !ai a (ommn^ 

lOOlHlWTlcPIS-r § c i: tc<fc D . SS^n/}^rWBi h ^ 

[0 0 5 2] mm<^mm8^ ^^sojeiis-eti. ^^bIM 
-\nLxm^\3i\y-^*t>mm^n^rc^^ ^mmtmm. 

+f f?D H 2 100— ZOOniuS^T* ^ o t/^ o 

T. #B^S^/c:ti^^^^^K<^8iJ?3^^200nia7fcSI. fi? 

[00 5 3] *fis*^?gM 9 . nm(oBm 9 Ta^sss^ u- 

II^B^B#(7D?^ra3jiiS^f^o < D ^^T^/^^B^cOIaM^ 
eifi-r^Sfj^^-t-iiJs 60nsCD^e^0200nS7feg|. L 
< tiSOns^D 2 (gSST'S S 100ns TfeSST'tTX-tf 77^ 

[0 0 5 4] mM<Dmm i o . nm(oBm \ o rni. u 

i7)^|gT% HB*fffiBT'0 1 /^;l/X^rcO <^x^.;l/4^-^ 

Jt/3^800mJ/ cin2TSjBcOlt14^^»e>nfc;bV. C^OBfcO^ 
paWx:7^;U^*--ti4fliJ/pulseTfe U—tf ^tti'^li^ 




4^'-t;t5niJ/pulseU±^n(:t'J:l.^C <i:tC>5:^.:. U— tfyt 
coy <^ ;U 7v S /t 0 ^0 31 1>> y U U ifi I E t \«ajlfSatC 

^WM't^tz.^^Cit. M(£0. 5iDj/pulseC0 U— 1f5glSS 

S7^V2:^g<!::^^.- ^^tc. lfei^14:6^G>m/Xtf . 25nini a 

^O^Am^-^gSf S^tiO. 5raJ/puiseJ;/.±^7) +f^tgS 
glCc^-pTT'S*^ . :ijg14*^^ti, ISraJ/pulseWi^^ U 
- +f -^S^B W ^ b I ^ c ^ ^ ^ .:. 
[0 0 5 5] WM<0^m 1 1 . nM<^y&^^ 1 1 

i^zspi^tccfc^ ly-^'mm^c'^^^xmni.ni. Nd:YAG 

ni;b^i3»800nniO/^;l/XW 1f)tT'«ntJ^ ±€^«SSfiiS 
NdiYAGU— ifO^ZSillfficO^^er. ffi^ONd^;^^ K 

Nd : YLFU— ^cD^Z^fctiSSPiS-^, Yb:YAG-^Y 
b: ^J^7Ni:l^ofcYb-l';tV F-7'<^ll(*U"-'^*^0|g2 ^ 
/-ctiMSiS^i^-^. Ti : Sapphire U'-lfcDa^iSSfcti: 

[0 0 5 6] 

[0 0 5 7] *%0^tCl3S^li5KlS2COU-+f^5OfS7j?£ 
[0 0 5 8] *^0^tC-^^iSAR3S3(?DU— trSi^^M7?ffi 



^.¥ria20()0-2S(;i'.)r) 




0 ^ ^ :S If - ^ ll^iS^ ^ffl-x T , PM^ X :7.;U4^-SS 
"/t tn c;^ fii'^ -A: ^ < r ^ c,^: -T? ^ ... 
[0 0 5 9] *?g0fllcfiS^rfl5)txH4(?>u-ti-'a5Oiil;>ir£ 
(A. S®1^cbr-i.(?)fi^7?f6l^7^jxt.;U4^-SS^fli<^m« 

[0 0 6 0] 7^?|0^ic(S;5W*iI5tou-+fMS75-ffi 

V K-7 c:>$gS&^t -^ti.**^^^S(JiS*SK^ L/tQ7N^ 
'y^?g^S^l^*^-^t-c7D^g^ilai/S^L/i^0T^ 

[0 0 6 1 ] 2|s:5gamc(SSsi5Kii6(?DU— ^S^ffl^T^rS 
li, U-^f T^iK^ Q f-Nd : YAG U-^O^ 2 

[0 0 6 2] 2^^B^tc«sii*a7oi^— y-'SiSiLMTia 

ti. y<;l.Xl^-1f^i!I^Nd : YAGU— ^"(7)^3ISI1K. N 
d : 7ij^XU-1f^om2iSiiiS^fcti^3SMK. Nd : Y 
LFU-^f<?:)m21i5P?6Sfctill3iiillli6, YbiYAGl— ^ 
cOl|2iSPa£^fctim3iSiSiS. \h:i3^7.iy-^*com 
2%m\&^fz^tm3'mm'(SL. Il : sapphire U-^'COS* 
ffi^rctim2iSISi^OC>-rn;b>^bfcC)T^ 

[0 0 6 3] ifmn\^%^mi^^^(o\y-"^fm^Witt 

ti. /^;UXU-Hf5tz[itcj;0^^^n^U---tft:-i.^ 
l/^;l/7.^/-c«;iOx^.;l/^-J&0. 5inJW±i: Lfc«:OT%. 

[0 0 6 4] *^B^tce&i»liAlt3S9^DU-^"Si«];S:?5'i* 

[0 0 6 5] ^mmc^s^m^^i ocou-^^^mMfs 
[0 0 6 6] *^0^tc<s^ii*^ 1 1 (DU-^^vmii 

jiti. 5NlS^fcti^«Ssl^^a^7)^-Sm--FaM^n 
U-^f 7t<:0/^;l/XtS^100/"^;l/XWT^ 

[0 0 6 7] *iS0^tciig^iB*^ 1 2 u-if^.5as;? 

j£ti . IPb^M^ fcti^ieBlS^K^OM/P3b^200nin7fe}i^ 
Lfcfci6tc. u— tfcox^^;l/4^-fiJfflSft*;b^J:< , 

[0 0 6 8] 2i5:^0^tCj^^iiAltlSl 3^^U-^aM!:S^ 
^ U— +/7feO/N;UX^P5i|S*^200nsec7feiS ^ L fife 

[0 0 6 9] *-%0^tcSSii5f^3Sl A(0\y-Vm^mf5 
ffiti. 0aj^X:r-;U^— ffiS^lSOOiaJ/cm^UiTlOOmJ/ cn|2 

(8) 



ti'fPiS2f)00--28Hll)5 



Co 0 7 0] :^nmic{^.^mm\ \ 5o-:^[y-^^M^yj 
CO 0 7 1 ] -^mmc\^.^m>m i ^oj^mit-r^u 7. 

U, •K57b\350ni«lX±800nittU/.TT'&^i>/ v'i/X U-+f ^citS 
„itV,± CO X )\y^-mm^W,^'^'r Jat'c If - A tc;55cfg 

[0 0 7 2] 7 U— tP^^SS 

Hti. iS«;b^350ninJ-X±800nmUiTT*^^/^;l/X U-if ^ 

-A*. !ia7jlRltC3niJ/cni2/ /x niJ.:^±<?3X:t^;U4^-^g[^ 
Wr ^ - A t- ^ - A/SJ^ 

[0 0 7 3] 2ti^0^lc^^Ii*^l 8 <7) u—tf S^jasS 

[0 0 7 4] :^mMicm:^m^mi 9(DU'"^m^mm 

Bl±. / ^;l/7. Xy-^^cM^ Q X ^ ^Nd : YAC U-^O^ 

[0 0 7 5] *|g0^tC|^§ii^3M2 0C0U-1fSV«lSS 

Nd: ;^*^XU-'tfcom2]BM&^/tti||3iSPffi. 
Nd: YLFU— tf0^2SmS:^c:t±^3]SPJt, Yb:YAG 
U-1fom2lS^^S^fct±S3S^iB}S^ Yb:;^7vXU- 



[0 0 7 6] *%Bfllc|3S^ii*lg2 1 cf)[y-^^mi!imm 

CO 1 ./s^U7N^/if:>)^0X^wU4^"— Tb^O. 5inJU..t:<I: L/c<^:) 

'[[11] CtO^0^cO^fiS<?Dffi5fii 1 ^W'st u— ^"SiMS 

^ ?^*r ffilS!! "C? & « .^ 

[m 2 ] Si lc*5(t^ ♦f^fflfS^ifE'T 5^— H 

[n 3 ] ^'-'mm^]y-'^ytt>^m^?Mi^n^m^ 

[0 4] C (D^mcOf^iR \£-L.y'ayr ^J\yt S«± 
[H 5 ] cco%0^<?D U— +fSi^S:?7?iic cJ: 0 Bf&^^i 
[0 6] C CO^B^^^ U— tf^iQSTaffitC cfc §B^^jg 

[ ^ 7 ] ci <?D5i0^ ^0 u- if ^sa^ffit^ <i: ^ ?> nfc 

[I^ 9 ] c co^m(r) U— r^5Q;^7^ ?i J; 0 fB/^ ^ ti 

So 

[0 11] vt^<oi-—-^^WMx*m}S.ztirc^^B^iL^7r- 
-rm^mx^^o 

9 1 /n;1/XU— tfT^ilI 

1 0 1 mu±mmm 
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